ABSTRACT
INTRODUCTION
Ankylosing spondylitis (AS) is a chronic inflammatory disease characterised by reversible inflammation and irreversible structural damage of the spine. 1 MRI has emerged in recent years as a useful assessment tool because of its ability to detect active inflammatory lesions in the spine. [2] [3] [4] [5] Structural damage in AS is characterised by excessive bone formation, with syndesmophytes as the typical lesion. x-Rays are still considered the gold standard for the assessment of syndesmophytes in AS. 1 The processes underlying syndesmophyte formation are insufficiently understood. Bone proliferation may reflect a pathologically enhanced repair response of bone 1, 6 and a causal relationship between MRI inflammation and syndesmophyte formation is hypothesised. However, tumour necrosis factor (TNF) blockers that dramatically reduce inflammation as measured on MRI 7, 8 do not inhibit syndesmophyte formation and growth. [9] [10] [11] Our aim was to investigate the relationship between inflammation on MRI and the formation/growth of syndesmophytes, both at the level of the vertebral unit and the patient. In this analysis we carefully adjusted for other factors potentially being associated with syndesmophyte formation. Furthermore, and in contrast to analyses in previous reports, 12, 13 we considered within-patient correlation as a spurious source of positive correlations, and we undertook detailed multilevel analysis to adjust for such effects.
METHODS

AS patient population
A random 80% sample of the AS Study for the Evaluation of Recombinant Infliximab Therapy (ASSERT) cohort was used for this analysis. 14 ASSERT was a 24-week randomised controlled trial comparing infliximab and placebo in patients with active AS, with an open extension until 102 weeks with all patients treated with infliximab. The details of the ASSERT study have been reported elsewhere. 14 Data from 1827 to 2070 vertebral units, belonging to 177-182 patients were available for paired analysis (the total number of available vertebral units/patients in each analysis depends on the case definition and reader used per analysis; an additional source of variation in numbers is because sometimes one of the two readers scored a vertebral unit as not evaluable).
MRI assessment
Images were scored according to the AS spinal MRI activity (ASspiMRI-a) score. 15 A vertebral unit is defined as the region between two virtual lines through the middle of each vertebra, and all 23 vertebral units of the spine (C2-S1) are scored for enhancement (T1 postgadolinium images) and bone marrow oedema (short-tau inversion recovery images), with a grading system from 0 to 3, with three more grades (4-6) if, in addition to inflammation, erosions are also visualised (maximum total score 138).
Radiographic assessment
Lateral views of the cervical and lumbar spine were scored according to the modified Stoke AS spine score (mSASSS). 16 The mSASSS scores anterior vertebral corners of the cervical and lumbar spine at 24 levels (C2-T1 and T12-S1, corresponding to 12 vertebral units). It includes squaring, erosions, sclerosis (score 1 for one or more of these features present), syndesmophyte (score 2) and bridging (score 3). Therefore, the total mSASSS ranges from 0 (completely normal) to 72 (complete bridging).
Reading of radiographs and MRI images
MRI and spinal radiographs were scored by four qualified and well-trained readers (two for the radiographs and two for the MRI images), who were blinded to the patient's identity, time order and treatment. The two-way random model, absolute agreement type and average measures intraclass correlation coefficients for the MRI scores were 0.84 (baseline), 0.64 (24 weeks), 0.57 (102 weeks), 0.78 (24 weeks change) and 0.83 (102 weeks change). The intraclass correlation coefficients for the x-ray scores were 0.96 (baseline), 0.97 (102 weeks) and 0.86 (102 weeks change).
Case definition
Five case definitions were used for MRI inflammation (activity) at the vertebral unit:
1. Active vertebral unit at baseline, irrespective of inflammation status at other time points; 2. Active vertebral unit at baseline only; 3. Active vertebral unit at baseline and another time point; 4. Active vertebral unit at any time point; 5. Active vertebral unit at all time points.
The presence of activity/inflammation in a vertebral unit was defined as an MRI score greater than 0 in that vertebral unit. Two case definitions were used for syndesmophyte formation/ growth: of the readers reported progression; 2. A definition based on specificity: a case was defined as positive only if both readers reported progression (absolute agreement).
Syndesmophyte formation at a vertebral unit was defined as an increase of a score of 0 or 1 to a score of 2 or 3 at any of the two vertebral corners of the same vertebral unit. Syndesmophyte growth at a vertebral unit was defined as an increase of a score of 2 to 3 at the vertebral corners of the vertebral unit. The various case definitions for MRI and syndesmophyte formation/growth resulted in 20 scenarios for each MRI reader (table 1) .
For the total mSASSS and ASspiMRI-a score, the mean of both readers' scores was used in the analysis.
Statistical analysis
Statistical analyses were performed using SPSS 18. Data were analysed at the vertebral unit level in the 12 vertebral units that are assessed by both scoring systems and at the patient level using total ASspiMRI-a and mSASSS scores of these 12 vertebral units.
Cross-tabulation statistics and measures of association (OR and 95% CI) were first computed using two-way tables to test the association between MRI vertebral unit inflammation and syndesmophyte formation/growth according to all the above-specified definitions.
Statistically significant associations and associations where a trend was observed were retested using generalised estimating equation ( 
GEE analysis at the vertebral unit level and at the patient level
The increased probability of developing new syndesmophytes in active vertebral units was confirmed by GEE analysis, and maintained after adjustment for within-patient correlation (by vertebral unit level and MRI reader), treatment and further adjustment for potential confounders: OR 1.43-1.57, for syndesmophyte formation according to readers 1 or 2 (table 2) , and OR 1.22-2.26 for syndesmophyte formation according to readers 1 and 2 (table 3) . However, results were not always statistically significant, and for some case definitions only a trend was observed (tables 2 and 3).
Gender, disease activity, baseline total mSASSS (>5 units), the presence of syndesmophytes or bridging at baseline and HLAB27 were shown to be independent contributors to syndesmophyte formation (tables 2 and 3).
At the patient level, in GEE analysis (by MRI reader and with adjustment for treatment), an increase in the mSASSS from baseline to 2 years was not associated with a higher baseline MRI activity score (regression coefficient (B) 0.109; 95% CI −0.132 to 0.350; p=0.375) or time-integrated MRI activity score (B 0.002; 95% CI −0.02 to 0.05; p=0.337). When variables were dichotomised at the patient level syndesmophyte formation (yes/ no) used as dependent variable, and baseline MRI activity or time-integrated MRI activity score (positive/negative) used as independent variable -there was still no association; however, a trend was observed:
1. Syndesmophyte formation according to readers 1 or 2: OR 1.66; 95% CI 0.97 to 2.85; p=0.067 (for positive MRI activity at baseline) and OR 1.43; 95% CI 0.82 to 2.51; p=0.210 (for positive time-integrated MRI activity). Statistically significant OR after adjustment for within-patient correlation (first line) and after adjustment for all significant confounders (last two line) are highlighted in bold. *All models adjusted for treatment effect (non-significant) and for within-patient correlation (by vertebral unit level and MRI reader). †Adjusted for 'total mSASSS at baseline >5'.
‡Adjusted for presence of 'syndesmophytes or bridging at baseline' (at the patient level, according to both readers). AUC, area under the curve; BASDAI, Bath ankylosing spondylitis disease activity index; CRP, C-reactive protein; GEE, generalised estimating equation; HLA, human leucocyte antigen; mSASSS, modified Stoke AS spine score; NA, not applicable; NS, non-significant. The subtle association between MRI activity and new syndesmophytes is in conflict with the absence of an effect of TNF blockers on structural damage. [9] [10] [11] One possible explanation to reconcile these two discrepant observations is that syndesmophyte formation is a post-inflammatory repair reaction that may only be inhibited if a TNF blocker is started early, before inflammation gives way to repair. This theory implies a switch from inflammation to repair, which is poorly understood. It has been proposed that persisting inflammation in the context of synovitis (with rheumatoid arthritis as the prototype disease) is dominated by destructive bone-erosive processes (mediated by RANKL, Dkk-1 and sclerostin) and suppression of repair. If inflammation is not chronic but fluctuating (as postulated in AS), repair processes may be switched on, resulting in an anabolic response driven by prostaglandins, Wnt and bone morphogenetic proteins. 6, 18 In such a scenario early treatment initiation (before the switch) may prevent the anabolic response that eventually leads to syndesmophyte formation. It is hypothesised that focal fat infiltration at the vertebral corner, which occurs after inflammation of that site, is one of the early signs of repair. In a recent study, the presence of focal fat lesions at a vertebral corner was associated with the development of a syndesmophyte at the same site 2 years later. 19 Recent studies in rat arthritis models suggest that bony spur formation is a response to injury mechanism of the joint, which is turned on rapidly during initial joint damage, 20 an observation that also favours the concept that rapid control of inflammation in the early phase of disease could prevent structural damage. However, other authors have suggested that the triggering of new tissue formation may be completely or partly independent of inflammation. 21 It was recently postulated that syndesmophytes were more likely to develop at those corners in which inflammation resolved than at those where inflammation persisted.
13,22
None of the vertebral units with persistent inflammation ('active at all time points') in our study developed new syndesmophytes, but the numbers were small and inconclusive. The fact that this is a population treated with anti-TNF, a very effective drug in reducing MRI inflammation, explains the low number of vertebral units without persistent inflammation. It would be of interest to expand our analyses to daily practice cohorts with broader profiles of MRI inflammation over time. It would also be of interest to study an early disease population, in which the interplay between inflammatory and bone formation pathways may be different. Furthermore, as syndesmophytes grow slowly, longer study periods would help to clarify the magnitude of the effect of inflammation in predicting bone formation. In summary, we have shown that MRI inflammation at the vertebral unit only marginally predicts new syndesmophyte formation in that unit. If inflammation is indeed the principal trigger of repair responses, a strong case can be made for early and aggressive anti-inflammatory treatment. Conversely, if inflammation and repair are independent pathways triggered by common factors, new therapies targeting the pathologically enhanced repair response need to be developed.
